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RESEARCE NSICRANDUM

PLIGHT-TEST MEACURESMENTS CF AILEROYM
CONTROL~ZURFACS EZHAVIOUR a7
SUPZRCRIZICAL IiaCH UIBZRS

By Harvey 4. Broun
dcorge a. Ratlert, Jr.,
and Lawrence a, Clousing.

SUiRiARY

The behaviour at sunercritical llach numbers of the
ellerons of a lot-srozelled fiphtor las been rcesured up
to 0.836 liech nuxzter, 7The coasidnreble cmount cf alleron
upfloat oceurrins rt those Mack nambers was feund to bo
due to & lerge los: in priscure recivery on the upner surface
alf't of tic shock wave “hick cauesed very larve increuses in
the slleron hirge morents. Data 2b%cined from sresture—~
distrioution measurenints are =wrescnted to show the very
critioal offent of l.ach numocr on tlho aegnitude of these
hinge mazente,

allcron ofnllirtione warc also enocountercd, renglag in
severity froa & soecrodic lor—semplituds "buzz' to = rotion
so vislcnt the elleron was deforanc. The comparztively mild
buzz shovldi be esncidared s Hreliminery veralrns of the
appcarancs of the Lore scverc and dencurous oscillations,
The flight condition houndary definlng the first anpcarsnce
of the buzz 1s nreeentad in Scrws of ek aunceor ond both
tie alrnicae 1A0T ceefliciecnt enl o pverast sccilon norncl—
force cocfficicnt over the ~ilevon, Thile {lipht—-test ovoundnry
1s in cxecllont aircoment with wind—tuanel terts of a mertlai-
snan full-scecale wwing with the ailcron Irec. Tynical allcron
engle and »rocesurce~distribution reeords arc nlso oresented to
11lustrete some of the charncteristics of the oscillationa.
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INTROLUCTION

In the past few years, experieice during high-speed
flight hes indiceted ecrilous chrngos in the behaviour of the
€ileron contrul surfeces et speeds riove vhe eriticel Mach
nurbers of the #1rfoll scectlons row in use. 3Juch changes
kave been eviderced vy large szounts cf aileron upiloet,
indiccting lerme chrnges in the mresnituvde of the alr loads and
kinge rozents, end tre unpearance of alleron oseillations.

ir the cource of wing vressurc~-Gistritution measurcments
end verious otlher tiste of = turcojrit-prepclled fighter examples
of this bekaviovr -t supercritical lrch nunders have tecn
encountercd seversl tince., Jdurlng ke hirhest speed dive, in
whick e lisch number of O5.€€5 =re rorched, tke ceverity of the
aileron ofcilictlang inceressed culte rrpidly rnd the notion
becaze so violcnt that oise aileron vas deformeG. So far a8
18 known, this 1s tie only timc the mere violent and dangcrous
ogscill:.tion no6 bezn cncountorcd in flisnt.

This renort prceents r sumzary; of oll the data on nileron
behe.viour at supereriticcl lach nuober which have been obtalned
incidantal to these echeduled tecote,

DECRIPTION OF THS AIRPLaNE afD THo INSIRUMIKNTAZION

The tests were coiducted on tie turbojet—-propclled
fighter airnlrne shown in the thrce-visw drawing. (tee fig. 1.)
Figures 2 £2d 3 are sido-view ond nlen-Corm Hhotogrephs,
resuectively, of the alrpleanc a8 instrumented for r'light tests,

The dimenclons of the wing and cileron arc listed in
table I. Taole II conteins the ordinstcs for the theoretiocal
wing coatour (Ni&la 6531~212 (a = 0.5))., The deviations of the
aotuel wlng scctlons from the theoretical contour are w»resented
in figure % for e-~ch of the four »rcesure~districution—-orifice
stationa.

The alloron control eycetorm of this tyne of airplanc was
unuetally ricid as coxmoored with other »resent-dry fighter
airplanes end cmployed & porcr boost in operrting the alierons.
The eilerons were ecuidned wilth pleno~i;pe ringes located on
the upier surfeec of the wing end were cpiroximetely statically
and dynacically masc-boalenedd tut nrd no seroaynamic balance,
Throughout thec test profreg the slleron cecble tension was
rigeed at 300 pounds at 7C” F.
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8tandard WaCa inctruments wore uwsed to record the
alleron engle, normrl ancelorstion fretor, vressure rltitude,
indiceted eirspecd, snd wing-pressurc distrloution.

&#00CRASY OF RETLTS

The static preesurec uscd in computing the velues of
Mach nuzber ond »reecure coofficiant were obtairned by
corrceting the stntic srcesure ot tic frece-swivelling rirspeed
heed mournted on the rirkt-wiag tin (fig. 2)for position error
as detercined from £ lov-—altitudy Tlight calibration. In
sdditlon, tnc crror inkturent in tre cirspcod heed ite?lf due
to compresslillity wes deteiningd froa ¢ eolibretion ancde in
the nzcc 15-Tfoct hich~-sneed vind tunzel cnd corrcetions vere
mede. Tre rirspecd reccerder, cltinctew, and «1ll otker pres-
surc aclls were calibratod at scversl Lczacrcoturee to wermld
rerovel of temperzture cficcte fron. the data. 7The asccurscy
ol tue datn Le as follcvs:

£0,005
=16/
0.2

The sywmeols used throughout tho icport are presented in the
sprondix,

RESCLIS a2 DISGUSSICN

&lleren Unflont

The cffect of ireh nuuber on the upflorting eagle of the
ellerons is shovn for v-rious vrlues of airplone 1ifg
coefflcient in figurc ©, Tho lire curves werd obtained from
roasurements of thoe rlct rllereon »nonltion only, during a
tarics of very hilin~spocd dives, Subscoucnt mersurcments of
the meen deflontion of doth sllerons, indicated in Tlgure B
by eymbols, subétantisicd the t1cads of the drts odteined
from the right eilcron ~lonc.

Since the cilcren ~antrol sysiern wons oculte risid, the
large uniloating an:les obtained iadicnted that very lerge
hinie xomchnto werc Tein; cneountercd., Tte zngnitudes of the
kinge moments ot zero rlleron ~ngle wore determined ty using
the prossure dlstiributlons over tihc oft &5 percent of the
wing inocoard of the cilcrons (rif. 1) to cempute the moment
cocffizicnts rbout the 7%—perccnt-chord iine. These data are
wrescntcd in flpure 6 and show tant for zoero allcron deflection

COUFIDEJTIAL
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the hinge mouernts beocome extremely lorgze at supercritical lMach
naubers. It 1s further apparent thet in this spaed range the
hinge mozents ere a cencitive functlon of lMach nurber.

The rearor for these larse hinge momeats 1s 1llustrated
by figare 7. In this fizure o chordwlsc zrossure distributlion
0t & saberitical ech muinker is contrastet with cnother et the
samc elrplane 1ifc coeffieclent but ot a Ilinel number considerably
ecove tic critical. In coanarisnia, the sudcreriticel l{ach
narker dietiripbutlon skove e very loresz loss in HresScuro recovery
aft of the shock —;eve wnich ie responsible for the incresee in
ninge roment., 7This large loss in vresanurec recovery 18
areguacoly lue to rhecs lnluced sepcrnticn on the upplr
aurface.,

Tae eflfeet of rlleron deflection o thwe critlesl liach
aurber cf tiic theoreticel airfoll secsion, ciloulated by the
method of relerdnece 1 “or tiwe ranfe of upfloating cngloc
encounterasd, 1s oresented in fizure 3, & Tow cxporimontal
velues from the flicnt-tost ypressurce dictributions ere included.
a commirison indiscics wre fllznt-test critlesl licch nuncer to
be from C.01% to G,I05 lowsr than thc ti.coretical.

alleron Oscilictions

a low-gmnlitvde riloron oscill-iiorn tnovn as “burz' was
encountcred scversl tiices duriny the Jlizkhis testa. This buzz
wag 8pacioulc whien first cnecountered vut as the speced ircrossed
beeemw & sueteliaed oselllesSicn with - freosucncy of apprgxiuately
28 oycles ncr sccond snd a renge of .movement of shout 2
Typloal ailiron-ingle records durley buzz ot various uech
numbers ar: reproduced in Tlgure 9. Iizuro 10{(a) iz a photograph
of the left cileron tnlen Auring the duzz, chowing the blurred
imgye of tine trsiling edge. The engle ctegween tie converging
images of the upner elec of the bhloecik etrinc across the aileron
indicates tie sxcll amplitude of tho nmotion.

at a Hech nurber of about 0.8% durinz r high-spced dive
the tuzz doveloped into & much higher rmplitude oscilllation of
surficlent viclence to ccusc the tranlling edge of the left
fileron to tucxle. Figure 11 12 e tine hiatory of a vortion
of thle diw and pull-out rhowine the record of the right alleron
position. The rocords indlecated tont the clleron oacillated
sbout an up-position over a ransc of sbout 6%, but the frocuenoy
could nect oe deciernined. Tre photogriph of the left rilcron
during the flutter (fig. 10(b)) srouws the considersvle increase
ir the anglc formed by the irages of tlie cdge of tho black
atripe. CThe doukle lmage of the star insirmia indicatos the
apount of general bufreting accoopraving e ailcron oscillations,
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Flgure 12 1s a niotogrrph of tho rileron taken aftér the .
flight to snow the tuekle in the trailing edge cruscd by the
Tlutter,

a [lisht-test voundery Cefining the firet apmearence of
soesnodle buzz in terus of Much nurher £nd airplerne lift
cocffliclent 18 wresenicd ss the 6olid line in figure 13,
Correepcnding vrlues of the esverape sectinn normsl-force
eocfficlens cf the wing section trroush the ailerorn are
spotted on the errve for convenieat refcronce.,

at kloher Loeh nurmbers the tuzz beerme £ stecdy and
rustained Zotlon, =8 1lrndleated on figure 13 by the sonare
gyzbols. Further incrcrses in Hzcelh nurber resulted in
trensition to tue more violent rind severc rlutter indicated
by the elrceles. It 1o probetle, lLowover, that the locstion
of this trronsiticn can te srifted T ehirnges in the amount of
cable tensinn or ellercon rectrolnt. For ti:le rcecon the
epceifile Inecremcont in Mach aumder ladlsated in {lgure 13
betwoin the buzz rad the uscre d~n;ersus nscillntion should
not bo interprotcd ns a gencerally anpilcaotle factor of safety.

Figure 14 ic ¢ round-ry for the firet apeercnec cf
rileron oscillntloins whiclh: 1s cxpressed in terms of tho aver—
ege ocotlon norzal-fored cocfficiens of ¢he winy seculon
through the eil.roa vetier thon tie clirplqne 1ift cocfficient,
The flight-test toundcry r'ells only 0,007 iach rurbor below
the Gatal frowz tests in the ance li~Io0ot hizgh-speed vind
tunnel of r nwortisl-rpan instelletinn of ¢a identicel Tull-
gcrle wing with - free alleron. This closc sgreemcnt between
teste conducted with kigh caole tenslon 'nd with no restraint
et all demonstrates tke vrlidity of using the buzz odoundory
es a 8ignrl of nossible dengerous Tlutte:r et some higher liech
number, derending upon the exount of resticint cnd darping in
tho rileron control system.

The ecetion criticel leoch rusbers, tctermined voth from
fligkt teste and from thcory, cro clso Hrcscnted in figure 14
to ahow that the dbuzz satuslly cecurs at r wroctierlly ocon-
stant inercaent of lwech nuzber ciove the scetion eriticnl
Maeh number, regariless of the volue of tle scetlon norual-
force coofficlent or the cnlrplrne 1ift eocrficient.

The erusc of tle aileron cseill:tiors has becn deterrined
from the wini~tunnel tests of the .«ortisl-spsan installetions
of & full-secle wilng, Shndowgraoi letwes token during these

—iUnpubliehcd Gaeta on rille et thls lebos: tory

CO.FIDEIT-AL
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of the ellcroas of a typlesl turbolet-oronclled fighter has lod
to the following:

upper surfece aft of the shock weve produecd large incrcases

in the alleron rir icads &nd hlng2 mornents, reculting in
large ellieron upflonting

6
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motlcn and shock-lnduced seperation origlnetirg forwerd of the
alleron.

In view of ta's explenaticn an examination »f the

teste demonatrate that there 1s a coupling between the aileron
prceegsure measurerents in the rcglon of tle alleron, obtalned
during thke oscilleticns, 1s of interest,

Firures 15 and 16 nresent creesure distributions ooth for
a wirg stetlon over the silercn (steilon 152) and inboard of
the ailcron {

station 105.925) durilg tiic buzz at i = C.850 and
the zore violent sccillations <r Tlutter at X = 0.866, respec-
tively. Jho rresaure-dletribution rccords for thne crifices on
the sileron ik

cleate severe Tlow scparatlon on the upner surface
aof tre vingy during the violent fluttex

s, During the ouzz,
pressurcs on bcth tke upper end lcvor aurfaccs of the sileron
reuelncd strady, Lergaly due to the small ~mplitude of the
aotion. Jurirg the mure violernt 1lutuicr, rowsvir, as ncted in
Tigure 1€, the =rescures oa tre lower curircc showed the extrome
fluctuations whick would bo expcetcd -3
n renge of o-.

th a rapid sction over
The upper-surfsce Dreossurss, however, were

qulite stcady, which is ‘resumecd tc indicete that the orificss
wsrs slways in e reglon cof severc flow ecperetion.,

Two prossure-
thils differcnce

6sll rcecrde froa stoilon 1RZ walci: arce trohleal of all pressuro
records ¢ vhe alleron are »rosented 1a figure 17 and illustirate

in telicviour.

Flignt-test measurcronts of the chordwisce location of the
shock at the supercritical kach nushors at which aillcron
oselllstions occurrcd (0,30 to 0.88) rro ehown in figure 18
for beth the upper and lower surfgcos.

break in the

The locaticn of theo
shoek: wes Gefined as the chordwlse locetion at which a saarp
oreesure alstribution ccourred.

ing to note that in this Kech number r

It is interost—~

o omgery
cage

the lceation of the
upper-surfece shcck hes stopved coving alft with incrceeing Hach
nuzber and Lhas bccore fixed; whercas the lover surface shock is
at11l gpoving ef%.

<hese recgults iadicate the wide variety in

flow conditions undor which oscillasionis of the sileron may occur,

COI'CLUSICYS
&n analysis of the behaviour at suncreriticel ¥ach nucbers

1. Che consideredlc loss in Jreesurc recovery on the

en

rniles,

glrocreflt.,.

The 1aercesee in losding
impoeed on the sllceron structure aad tine centrcl system
varrent ecrloue considoration in the dosign of high-speed

COSFIDENTIAL
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2. Tke firet ppoearance of silleron cscillations in
flight was esteblisred in toris of & Youndary Gefined by the
Mack nuzber and tsthr thie sirnlane 1ALt ccefficient and the
eversse sectlonel nuraal-forse cocrficlent of the wing sectlon
through tho allersn. 7The 2scill-cluns always apocared at a
practlenlly counetant Ancrexznt of ilach nurber &vove the
gestion criticrel lach nuzber.

3. The reverity <f the alleror <scillations incrensed
repidly tc the hirkest tect llpeh nuidber, and the motion
cecere &c violent cne sileran wen ceformed. Good aprocment
between tuzz usunderies cotaolished oy flignt tests .f &
restrained elleron ond wind-tunsgd tests < a free alleron
indleated thet the tuzz beoundary s a useful signal of the
poseldle apnearsnce <f mere viclent ond drnpersus cscllletinns
at souwe Licher “ack nusier, deconding on the amount sf
rcetraint end dmoning in toe eileoren contrsl systom.

Ames Aeronsutieal Ledoretcory,
HJationnl Adviesry Comnittes for Acronsutics,
Wcrfett Field, Calif,
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Horvey H. Erown, Joorgé ». Rathert, fr.,
aersnautical Enginecsr. Acoronautieal Engincer,
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—Hitieves <7 Clrzesei F

Aprroved: N Laurence s. Clousihg, «
Engincer-Test Filot.

- ._--"‘2[;‘/ .—‘.):»m./ sy’
.~ JYohn F. Farsons,

Aeroneuticel Engineer.
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APPEIDIX
S71BOLS

ajrplane nornal sccelerstion factor (ZAT)
wing acction chord, ft
scetlon hilnge-moacnt conefilcient

1.00

16 /:; _’5( PU~PL) (

X
T

nlroisne 1ir% coefilelent, comnuted by the formula

A7¥ /a8

scction norunl-force cocfficicent
1.0

g
J‘f ( PL—PU } (1\%5.

iiach number, rotlo of alrsoecd Yo spoed of sound
preossure cocfllelent (2_2_22 )

precsurce ccefficient on uoul suwrface
precsure cocfficient on lover surface
atctle orifice mrcessure, 1b/ece £%
freo—sticom ctotle precrure, 1b/ea £t
aynemic preceure (1pV°), 1b/sq £%

wing arco, sq £

chord--Age locction fron leading clpe, £t
alrplnne grocs velight, 1b

acrodyneslce noraiel force on pirnlene, 1b

alleron control-surface Geflectlon, deg
COITIDENTIAL
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REFEREICE

1. Heaslet, liex, d,, and Paidee, Oty O'l,: Criilcal ilach
Hurbers of Thin airfoil Szctions with Plaln Flaps,
NACL AGR Mo, 6430, 19465,
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TABLE I.- BASIC DIMENEIONAL DAY OF THE IST AIRPLANE.

Ying

An@e, 39 fteseceasncaaseccansnnnnsncsnancssnnnnncncscnnnsldy(
8P, TheeensecscnsesscacsansenansacecsasssansasessnseedBed
ASpect 1AL10.eectcacsvrocasnsonnsscsascsasscansesensesle’d
TAPOP PBELIO. e caes.cnonosoasscsscsrassscscsanasscasesesa36l
Monn serodynriic ehoPd, INeeescecncssesnssncnssonnsssald0eb

Dikedral cf trailing ed-e
ol wiﬂg; dQEa-o--r-aaaaa-a--.-oo---.ann--o.-noo---ooai.S}

Taneids.acs! roct chord, Gefessesrsscsscsssascasrsancsasslts 00

Feametric twist, defeseeesesel5d weshout frum root to tip

ROOt 860t10Niessses.vssessssncsasanssslACA 551~213 {a=0.5)

Tip 92CEI N Neasscscsscsnscnsnsnansassee YACA 651-213 (a=0.5)

Percent line, stralzitecececscesnssceccasescecsnssaseaas2e0

Atleron

Arsa al't of hinge line,
sc It (both Sides)...........--....--.--....-..----.17.1h

Mxed surface aflfected by
movable surices, £q It
(bcth sidcs)tonl.lll.I..ln...lI..I‘.'In..l.l...“.!lléT.l

Spnn, It (Onc 51d0).a---o--o-------a-no-an-.---cooo.oa?czl
Hean aerodynamic chord, ft....-..-....--..-....-.-...1.216

Minge-line locatlon,
percent ChorGesssssssssesss-rsscccvesnnnnneansassenne el

T™vpe of aileron.ssseesslfo aoredynomic balance, pianc hinge
on urper zurface, povwer-hoost
coatrol systom, apniroximately

statically and djynamiecally
rasas=-ralancod

Trﬂvel.o-o-..--.-............--.-................-.--.:!200

Tﬂba.-oao---o--oanaao-oonoon--:-a-Trim tab on left alleron

1Incidence measurcd with respeot to tarust line,
CO.IMIDENTIAL
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TABLE II.. ORDINATES oF RACA 65,-213 (a = 0, ) AIRFOTIL
(411 stations ana ordinates in percent o rd)

& ' 60
Sration , percent chord

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

Upper surface Lower surface
Btation | Ordinate Btation| Ordinate

0
-.92
-1.1g
-1.3
-1.76
~2.38
-2.84

(o]
[=]
()

RRRG

NN N b s
.
m&nhnn-domg

~N~I~I~own &
O A
= FRUI OV b 1

\O

Ovd~~y
e es
NI~\o

O
N

83

Hat-aa
N -
=

O Hrow Baa
A N
N
Wi\

L. E. radius: 1,174,
through L, E,: 0.0

CONFIDENTIAL

Slope of radius
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2/6
% —
&5 /05 /(s 207
Y Ainge line Oritsce sratiovzs

of 28 % chore

NATIONAL ADVISORY COMMITTEE .
FOR AIRONAUTIOS Al omensions
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— v ration, peveens chwal
T -p-pef-4-47T7 ]

ﬁ)h/illy station 65 (c =746 feet)
——— pper (!) octval — (g) theoretical

—— == lower = (’E) ectval +(¥) theoretical

-
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.| 30 _L e 50 60 70
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Chordwise station, percent chord
b) Wing stetion 10525 (c=640 Feed)

Deviation, parcent chord

NATIONAL ADVISORY COMMITTES
FOR AERONAUTIOS
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@) Wing station is2 (c =508 feet)
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@) Wing station 207 (c =373 feet)

ﬂ"yﬂ 4 — Devigtion in percent chord of actfva/ wing contovr From
the theoretical/ airfoil at verieus :p-nm'd’ foco tians.,
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Figure 9.~ Typlcal records of right aileron povsition during
pull-ups at varioue Mach numbere showing
oscillations.
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(a) During buzz, M = 0.826, O = 0.0l.

(b) During flutter, M = 0.865, C; = 0.35

Figure 10.- Photographs of the left alleron
during alleron oscilllationc.
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Figure 1l.- Recorde of right alleron upfloat and oscillations

during dive recovery at Mach number and airplane
1ift coefficient shown,
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Figure 12.- Fhotograph of left aileron taken on ground
after dive recovery showing buckled trailing edge
caused by severe flutter,
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Figure 17.- Typical records of

and lower surfaces of alleron at wing station
152 during aileron flutter,
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